patients. Fondaparinux reduced the incidence of VTE compared with placebo from 35.0% (77/220) to 1.4% (3/208) , with a relative reduction in risk of 95.9% (95% confidence interval, 87.2%-99.7%; PϽ.001). Similarly, the incidence of symptomatic VTE was significantly lower with fondaparinux (1/326; 0.3%) than with placebo (9/330; 2.7%). The relative reduction in risk was 88.8% (P=.02). Although there was a trend toward more major bleeding in the fondaparinux group than in the placebo group (P=.06), there were no differences between the 2 groups in the incidence of clinically relevant bleeding (leading to death, reoperation, or critical organ bleeding).
Conclusions: Extended prophylaxis with fondaparinux for 3 weeks after hip fracture surgery reduced the risk of VTE by 96% and was well tolerated. Med. 2003; 163:1337 -1342 P ATIENTS UNDERGOING surgery for hip fracture are in the highest category of risk for postoperative venous thromboembolism (VTE). 1, 2 Without prophylaxis, fatal pulmonary embolism is much more common after hip fracture surgery (3.6%-12.9%) than after elective hip replacement (0.1%-0.4%). 1 It has recently been reported that treatment with the new selective factor Xa inhibitor fondaparinux, 3, 4 administered subcutaneously at the dose of 2.5 mg once daily for up to 11 days in patients undergoing surgery for hip fracture, reduced by 56.4% (from 19.1% to 8.3%) the rate of VTE (PϽ.001), with a similar safety profile to the low-molecular-weight heparin enoxaparin (the PENTasaccharide in HIpFRActure [PENTHIFRA] Study). 5 However, as shown in elective hip replacement surgery, [6] [7] [8] the risk of VTE may persist longer than 11 days after surgery for hip fracture. 9 For instance, in the PENTHIFRA study, 22 of the 30 symptomatic venous thromboembolic events and 11 of the 15 fatal pulmonary embolism episodes occurred during follow-up between day 11 and day 49. 5 The benefit of thromboprophylaxis for up to 4 weeks after surgery has now been well established in elective hip replacement surgery [6] [7] [8] and more recently in abdominal surgery for cancer, 10 but no such data exist in surgery for hip fracture.
Arch Intern
The aim of the present randomized, double-blind trial was therefore to evaluate the benefit-to-risk ratio of a 2.5-mg once-daily subcutaneous injection of fondaparinux sodium compared with placebo. Both treatments were administered for 3 weeks after an initial 1-week prophylaxis with fondaparinux for the prevention of VTE in patients undergoing surgery for hip fracture.
METHODS

PATIENTS
Patients aged at least 18 years who were undergoing standard surgery for fracture of the upper third of the femur, including femoral head and neck, were considered for inclusion if surgery was planned within 48 hours after admission. Patients were excluded if they presented with trauma affecting more than 1 organ system or if more than 24 hours had elapsed between the causative trauma and hospital admission. Other main exclusion criteria were active bleeding; documented congenital or acquired bleeding disorder; current ulceration or angiodysplastic gastrointestinal disease; hemorrhagic stroke or brain, spinal, or ophthalmological surgery within the previous 3 months; difficulty in performing epidural or spinal anesthesia; planned indwelling intrathecal or epidural catheter for more than 6 hours after surgery; contraindication to anticoagulant therapy; pregnancy; hypersensitivity to contrast media; or serum creatinine concentration above 2.0 mg/dL (177 µmol/L) in a well-hydrated patient. Patients who required long-term anticoagulant treatment for a chronic comorbid condition or were receiving any type of anticoagulant or fibrinolytic therapy or dextran from admission to first study drug administration or surgery were also excluded.
STUDY DESIGN
This study was a prospective, placebo-controlled, doubleblind, randomized trial. The day of surgery was defined as day 1. All eligible patients were given a once-daily, subcutaneous injection of 2.5 mg of fondaparinux sodium (Arixtra; SanofiSynthelabo, Paris, France, and NV Organon, Oss, the Netherlands) up to day 6 to 8 after surgery, according to the dosage regimen used in a prior clinical study. 5 After this open-label period, patients were randomly assigned, according to a computer-generated randomization list balanced in blocks of equal numbers and stratified by center, to receive a once-daily, subcutaneous injection of either 2.5 mg of fondaparinux sodium or placebo for 19 to 23 additional days, for a total duration of treatment of 25 to 31 days. The first injection was to be given less than 2 hours after randomization. Patients were excluded from randomization if they experienced 1 of the following events during the open-label period: active and unusual clinically significant bleeding, confirmed symptomatic deep vein thrombosis or pulmonary embolism, or reoperation.
During the period of prophylaxis after the patients had been discharged from the hospital, competent patients, their caregivers, or district nurses administered the injections. Compliance was checked by reviewing records of injections and was defined as receipt of at least 19 doses of study drug in the absence of a premature study drug discontinuation owing to lack of efficacy or adverse event. In cases of suspected VTE, patients underwent appropriate diagnostic tests, and in the event that VTE was confirmed, the study treatment was discontinued and replaced by another treatment at the investigator's discretion.
The study was conducted according to the ethical principles stated in the Declaration of Helsinki and local regulations. The protocol was approved by independent ethics committees, and written informed consent was obtained from all patients before randomization.
MEDICATIONS
For the open-label period, treatment kits containing 8 prefilled, single-dose syringes of fondaparinux were used. Each syringe contained 2.5 mg of fondaparinux sodium in 0.5 mL of water for injectable preparations, a concentration of 5 mg/mL. For the double-blind period, study medications were packaged in boxes containing 24 prefilled, single-dose syringes of either 2.5 mg of fondaparinux sodium or placebo (0.5 mL of isotonic sodium chloride solution). All syringes were of identical appearance.
Throughout the study, the use of aspirin and nonsteroidal anti-inflammatory drugs was discouraged. Other antiplatelet agents, intermittent pneumatic compression, dextran, and anticoagulant and thrombolytic agents were prohibited. The use of graduated elastic stockings was permitted, and early mobilization was strongly recommended.
OUTCOME MEASURES
Outcome measures were the incidence of efficacy and safety end points during the double-blind period. The primary efficacy outcome was VTE (defined as deep vein thrombosis, pulmonary embolism, or both). Secondary efficacy outcomes were total, proximal, and distal deep vein thrombosis, and symptomatic VTE. Patients were examined for deep vein thrombosis by systematic ascending bilateral contrast venography of the legs 11 between days 25 and 32, no more than 1 calendar day after the last study treatment administration or earlier if thrombosis was clinically suspected. Symptomatic pulmonary embolism was confirmed by high-probability lung scanning, pulmonary angiography, 12 spiral computed tomography, or at autopsy.
The primary safety outcome was major bleeding, including fatal bleeding, retroperitoneal, intracranial, or intraspinal bleeding, bleeding that involved any other critical organ, bleeding leading to reoperation, and overt bleeding with a bleeding index of 2 or more. Bleeding index was calculated as follows: number of units of packed red blood cells or whole blood transfused+ (prebleeding − postbleeding hemoglobin values in grams per deciliter). Secondary safety outcomes were death, other bleeding, transfusion requirements, and any other adverse events. The blood platelet count was measured at baseline, at the end of the open-label period, and at the end of the double-blind period.
All efficacy outcomes and the safety outcomes bleeding and death were adjudicated by a central independent committee, the members of which were unaware of the patients' treatment assignment.
STATISTICAL ANALYSIS
The trial was designed to demonstrate the superiority of fondaparinux over placebo when both were administered for 3 weeks after an initial administration of fondaparinux for 1 week. Assuming that the VTE incidence after 4 weeks of thromboprophylaxis with fondaparinux would be 11.5% (ie, 1.4 times higher than that observed at 10 days with fondaparinux in the same setting), 5 and that the risk reduction would be 50%, based on previous 4-week prophylaxis studies of similar design in total hip replacement with low-molecular-weight heparin, 13,14 the expected VTE incidence in the placebo group was 23%. Thus, with a power of 85%, 210 patients were needed per group. Estimating that 10% of patients would not enter the double-blind period and that 30% would not be evaluable for primary efficacy, the target number of recruited patients was 670 to reach 600 randomized patients, 300 per group.
The primary efficacy analysis included data on all randomized patients who had an adequate VTE assessment. Safety analyses included data on all randomized patients who had received at least 1 dose of the study medication. A 2-tailed P value of less than .05 was considered statistically significant for the primary efficacy end point. A 2-sided Fisher exact test was used for binary variables. Exact 95% confidence intervals for absolute difference and risk ratio between fondaparinux and placebo were calculated.
The study was supervised by a steering committee. The committee designed the study, interpreted the data, and wrote the article. The central adjudication committee and the data monitoring committee were independent from the sponsor. 
STUDY POPULATION
Between June 2001 and February 2002, 737 patients were enrolled in 57 centers in 16 countries. Eighty-one patients were not randomized in the double-blind period because of, among other reasons, confirmed symptomatic venous thromboembolism in 5 cases and bleeding complications in 8. Thus, 656 patients met the selection criteria for randomization and were assigned to receive either fondaparinux or placebo. All randomized patients received at least 1 injection of the study drug ( Table 1) . By day 32, 428 patients (65.2%) had an adequate VTE assessment, a percentage close to that recently reported in another 4-week prophylaxis study, 10 and were included in the primary efficacy analysis.
The mean±SD duration of open-label fondaparinux prophylaxis was 7.0 ± 0.8 days for patients randomized to fondaparinux and 7.0 ± 0.9 days for those randomized to placebo. Baseline characteristics did not differ significantly between the 2 groups of patients analyzed for safety ( Table 2) or for primary efficacy (data not shown). Prophylaxis with the study drug was discontinued in 86 patients during the double-blind period, and the 2 groups did not differ significantly with respect to reasons for discontinuation (Table 3) . Moreover, the 2 groups did not differ in the number of treatment days or use of concomitant treatments during the double-blind period ( Table 4 ). The mean±SD duration between surgery and hospital discharge was 13.9 ± 8.1 and 13.1 ± 6.5 days in fondaparinux-and placebo-treated patients, respectively. Treatment compliance was verified for 307 (94.2%) of 326 patients who were assigned to fondaparinux and 305 (92.4%) of 330 patients assigned to placebo.
INCIDENCE OF VTE
Fondaparinux significantly reduced the incidence of VTE compared with placebo, from 35.0% (77/220) to 1.4% (3/208), with a relative risk reduction of 95.9% (95% confidence interval, 87.2%-99.7%; PϽ.001) ( Table 5) . There was a significant reduction in the incidence of total, proximal, and distal-only deep vein thrombosis with fondaparinux compared with placebo (PϽ.001 for each comparison). The number of patients treated for a VTE event during the double-blind period, based on the local site assessment, was 12 (4.6%) of 261 in the fondaparinux group and 59 (22.3%) of 264 in the placebo group.
Similarly, fondaparinux significantly reduced the incidence of symptomatic VTE compared with placebo, from 2.7% (9/330) to 0.3% (1/326), with a relative risk reduction of 88.8% (95% confidence interval, 67.7%-100%; P=.02) ( Table 5 ). Symptomatic pulmonary embolism occurred in 3 placebo-treated patients (1 episode being fatal), but in no fondaparinux-treated patients.
SAFETY OUTCOMES
There was no fatal bleeding or bleeding in a critical organ in either treatment group. Bleeding was associated with a need for reoperation in 2 patients in each group. One of these episodes in each group led to the discontinuation of study treatment. In the fondaparinux group, 6 episodes of overt bleeding were associated with a bleeding index of 2 or more, all occurring at the surgical site, 5 occurring before the third day after randomization, and 1 before the ninth day. Only 1 of these 6 episodes led to the permanent discontinuation of study treatment, and none was associated with wound infection. The total primary safety outcome was therefore 8 adjudicated major bleeding episodes in the fondaparinux group (2.4%), compared with 2 in the pla- cebo group (0.6%) (P=.06) ( Table 6 ). No episode of thrombocytopenia occurred. Finally, there were no differences between the 2 groups in the overall incidence of adverse events and in overall mortality.
COMMENT
This study shows that, in patients undergoing surgery for hip fracture, the incidence of VTE was dramatically reduced by 96% when 2.5 mg of fondaparinux sodium once daily was compared with placebo during 3 weeks of administration after an initial 1-week prophylaxis with fondaparinux. Furthermore, an additional 3 weeks of fondaparinux prophylaxis significantly reduced by 94% the incidence of proximal deep vein thrombosis (ie, those more prone to embolize), [15] [16] [17] and by 89% the incidence of symptomatic VTE. Fondaparinux was compared with placebo because, in constrast to other surgical settings, [6] [7] [8] 10, 13, 14, [18] [19] [20] [21] no reliable data on the incidence of late-onset VTE after a 7-day highly effective thromboprophylaxis were available, and no antithrombotic strategy administered for 1 month for the prevention of VTE had been adequately tested in patients undergoing surgery for hip fracture.
1,22- 27 The incidence of events observed 1 month after surgery in our placebo group after an initial 7-day period of open-label treatment with fondaparinux (35%) was close to that reported in the placebo group of another study with a similar duration of prophylaxis after an initial 7-day period of open-label treatment with enoxaparin in hip-replacement surgery (39%). 13 This confirms that the very high risk of VTE associated with surgery for hip fracture persists longer than 11 days. Fondaparinux administered for 4 weeks reduced this 35% incidence to a very low absolute incidence of 1.4%. Abbreviation: CI, confidence interval. *Data are number of patients with events/total number of patients assessed for this event (percentage) (95% CI). †Values were calculated using the Fisher exact test. ‡The reduction in risk is in the fondaparinux group as compared with the placebo group. §Venography could not be evaluated in 2 patients with pulmonary embolism in the placebo group. Patients were considered able to be evaluated when proximal and distal deep veins in both legs were visualized. However, if deep vein thrombosis was seen in any 1 of the veins visualized, the patient was considered to have reached the end point even if the venous system was not visualized entirely.
The number of patients with available data for this variable was higher than 428 because visualization of proximal and distal deep veins in both legs was no longer a prerequisite. A patient was considered able to be evaluated for proximal deep vein thrombosis when the proximal deep veins in both legs were visualized, regardless of whether the distal veins were entirely visualized.
¶Patients with distal deep vein thrombois but not evaluable for proximal deep vein thrombosis were not counted. #Data refer to randomized patients. Symptomatic events are included in the other categories; for instance, in the fondaparinux group, the case of symptomatic deep vein thrombosis is included in the "any deep vein thrombosis" category.
The clinical relevance of reducing the incidence of asymptomatic deep vein thrombosis detected by screening venography has been regularly questioned because of the difficulty of demonstrating in a single study an associated reduction in symptomatic VTEs. However, metaanalyses of trials on prophylaxis of similar duration with low-molecular-weight heparin in elective joint replacement surgery have shown that a 50% to 60% reduction in venographically detected deep vein thrombosis and proximal deep vein thrombosis compared with placebo was associated with a reduction in symptomatic VTE of the same magnitude. [6] [7] [8] In the present study in hip fracture surgery, the 96% reduction in venographically detected deep vein thrombosis was associated with an 89% reduction in symptomatic events, indicating that asymptomatic thrombosis detected by screening venography is a valid surrogate end point for symptomatic events. This high relative reduction in the risk of VTE is consistent with the reduction we observed in phase 3 clinical studies comparing fondaparinux with low-molecular-weight heparin. 5, 28 Hip fracture surgery is associated with high mortality and VTE rates, and studies suggest that fatal VTE is one of the most important factors contributing to mortality. 1, 9, 29, 30 Our study was not powered to detect mortality differences. However, the significant reduction in symptomatic events observed with fondaparinux is consistent with an important clinical benefit.
The advanced age and frailty of patients experiencing hip fracture and the high frequency of intercurrent illnesses result in a particularly high risk of general complications related to major surgical procedures in this population. 31, 32 However, fondaparinux reduced the risk of VTE without increasing the risk of clinically relevant bleeding. Although the number of patients experiencing bleeding associated with a bleeding index of 2 or more was higher in the fondaparinux than in the placebo group, the clinical relevance of such bleeding events is questionable: they were not associated with wound infection, they did not result in reoperation, and they led to permanent cessation of study treatment in only 1 patient. Finally, there was no other safety concern compared with placebo, despite the fragile nature of these patients.
We believe that our study population is representative of patients undergoing surgery for hip fracture in clinical practice and that these beneficial results can be reproduced in a routine setting for the following reasons: (1) In contrast to some previous trials investigating optimal prophylaxis duration in hip replacement surgery, [18] [19] [20] we did not perform systematic venography at the time of hospital discharge; thus, patients with asymptomatic deep vein thrombosis 7 days after surgery were not excluded, and the natural history of the disease was not altered. 33 (2) The very low absolute number of venous thromboembolic events observed in the fondaparinux group indicates that no particular subgroup at lower risk for VTE can be identified; thus, all patients with hip fracture surgery, and not only highrisk targeted patients, should benefit from this 1-month treatment with fondaparinux. And (3) fondaparinux administration necessitates no monitoring of anticoagulant activity or dose adjustment, and a high level of compliance (94%) was achieved.
In conclusion, extended prophylaxis with fondaparinux for 3 weeks after hip fracture surgery reduced the risk of VTE by 96% and was well tolerated. ‡After the end of the study, ie, day 32, two deaths were recorded, both in the placebo group, of which one resulted on day 33 from an episode of pulmonary embolism. Overall, there were 2 episodes of fatal pulmonary embolism in the placebo group, 1 during the double-blind period and 1 after the end of the study, compared with none in the fondaparinux group.
